N-acetyl-L-cysteine (NAC) has been proposed as an additional therapeutic agent for AIDS patients because it reduces human immunodeficiency virus type 1 (HIV-1) replication in stimulated CD 4 + lymphocytes, and it ameliorates immunological reactivity. In a randomized, 180-day, double-blind, placebo-controlled trial performed with HIV-infected patients classified as A2 and A3 according to the criteria of the Center for Disease Control and Prevention, we investigated the effects of oral administration of NAC on HIV-infected patients undergoing their first anti-retroviral therapy; viral load, CD 4 + lymphocyte, lymphocyte viability and apoptosis, and TNF-α α α α α and IL-8 levels were determined.
N-acetyl-L-cysteine (NAC), the acetylated variant of L-cysteine, is an excellent source of sulfhydryl (SH) groups, and it is converted in the body into metabolites capable of stimulating reduced glutathione (GSH) synthesis [1] . GSH is found in millimolar concentrations in all animal cells; it provides the principal intracellular defense against oxidative stress [2, 3] , and it participates in the detoxification of many molecules [4] . Oral and intravenous administration of NAC has been clinically used as a mucolytic agent for treating pulmonary disorders [5] [6] [7] and is routinely administered to overcome pharmacologically-induced GSH deficiency due to acetaminophen overdose [8] .
Besides its antioxidant action, glutathione is involved in multiple biological processes, and it has an important function in immune reactivity by modulating T cell proliferation, interleukin-2 synthesis and by increasing the cytotoxic and natural killer activities of T cells [9] [10] [11] [12] . Several studies have shown that HIV-positive patients in different stages of infection have reduced cysteine and glutathione levels [13, 14] . Moreover, in vitro studies have shown that NAC inhibits HIV replication induced by nuclear factor kappa B (NF-κB) after TNF stimulation [15] [16] .
Several in vitro studies have demonstrated that T cells from HIV-infected patients are more susceptible to apoptosis, both in the resting and the activated state, than those from non-infected patients [17] [18] [19] [20] . Malorni et al. [21] showed that NAC can inhibit TNF-induced apoptosis of HIV-chronically infected cells in vitro. Based on these data, the treatment of HIV-infected patients with NAC was proposed to determine if there were additional benefits for patients receiving, or not, anti-retroviral therapy [22, 23] . Since then, NAC has been one of the drugs used as a coadjutant in the treatment of HIV infection in the USA and Europe [24] .
The objective of this study was to evaluate the effects of orally administrated NAC (600 mg/day) on HIVinfected patients classified as A2 and A3, according to the criteria of the Center for Disease Control and Prevention [25] , undergoing anti-retroviral therapy for the first time, by measuring lymphocyte viability and apoptosis, and TNF-α, IL-8, cysteine and glutathione levels in serum.
Material and Methods

Patients
This double-blind placebo-controlled study was performed from January 2000 to January 2002 with 30 patients selected and classified as A2 and A3 (19-45 years old) according to the criteria of the Center for Disease Control and Prevention [25] by physicians from the Center of Infectious and Parasitic Diseases of the Nereu Ramos Hospital and from the STD/AIDS Section of Health Center II in Florianópolis, Santa Catarina, Brazil. Patients classified in other stages were excluded from this study. This study was approved by the Ethics Committee of the Federal University of Santa Catarina. Blood samples were taken after overnight fasting between 7:00 and 8:00 A.M. one day before the beginning of anti-retroviral therapy prescribed by the physicians and at 60, 120 and 180 days of treatment. The control group consisted of 16 patients who received anti-retroviral therapy plus a placebo and the study group was constituted of 14 patients who received anti-retroviral therapy and NAC oral supplementation (600 mg/day, Zambon Lab). The NAC oral supplementation was administered daily at 2:00 P.M. in a single dose. The anti-retroviral therapy was carried out according to the protocol described in Table 1 .
HIV-negative individuals group
This group was constituted of seronegative healthy individuals with the same characteristics presented by the patients from the control group and the study group with respect to race, sex, age, and socio-economic conditions, in order to establish the median levels of cysteine and glutathione in serum, since reference levels for these constituents have not been established for the Brazilian population. The patients and the seronegative individuals were oriented to not make use of vitamin supplementation and to avoid a diet rich in vitamins C and E. All patients and all seronegative individuals provided a written, informed consent and the study was conducted in accordance with the principles embodied in the Declaration of Helsinki.
Viral load
Viral load levels were measured using a commercially available kit, NASBA, from Organon Teknika, Boxtel, Netherlands. The limit of detection was 80 copies/mL plasma.
CD 4 + lymphocyte count
The numbers of CD 4 + lymphocytes were determined on a Becton/Dikinson FACScount ΤΜ flow cytometer using CD 4 /CD 3 and CD 8 /CD 3 antibodies from Becton/ Dickinson USA.
Isolation of peripheral blood mononuclear cells
Peripheral blood mononuclear cells (PBMC) were isolated from heparinized peripheral blood by centrifugation in a Ficoll-Hypaque (Pharmacia, Uppsala, Sweeden) density gradient and resuspended with RPMI 1640 medium containing 25 mM HEPES, 2 mM L-glutamina (Sigma Chemical Company, Saint Louis, USA.), 10% heat inactivated fetal calf serum (Gibco, Paisley, Scotland, UK), 10 UI/mL penicillin, 10 µg/mL streptomycin and 2.5 µg/mL Fungison (Sigma Chemical Company, Saint Louis, USA). For the apoptosis assay, PBMC ( 5X10 5 ) were cultivated for 48 h, at 37°C, under a 5% CO 2 atmosphere.
Evaluation of lymphocyte apoptosis and viability
After maintaining PBMC in RPMI 1640 medium for 48 h, the cells were washed twice with 1 mL PBS, pH 7.4 and labeled by incubation with 1 µM calcein AM and 8 µM ethidium bromide for 10 min. Afterwards, the viability test was carried out with a flow cytometer (FACS Callibur, Becton Dickinson Immunocytometry Systems, San Jose, CA, USA), coupled to the software programs CELLQuest and PAINT-A-GATE, using the reagent kit LIVE/DEAD® (L-3224, Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) containing calcein AM and ethidium homodimer-1 (EthD-1) (Molecular Probes Incorporation, Eugene, Oregon, USA). The viable cells retain polyanionic calcein, which emits an intense green fluorescence at 495 nm, while the apoptotic cells allow the entrance of EthD-1, which binds to nucleic acids, originating a red fluorescence at 590 nm. The evaluation of lymphocyte apoptosis and viability was performed after 48 hours, since after this time we observed elevated levels, but with a similar percentage distribution, of viable and apoptotic cells and a reduced number of unviable cells ( Figure 1 ).
Determination of TNF-α and IL-8 levels
The plasma levels of TNF-α e IL-8 were determined by solid phase immunometric chemiluminescent assays (IMMULITE® TNF-α and IMMULITE® IL-8, DPC®, Diagnostic Products Corporation, Los Angeles, USA).
Determination of cysteine and glutathione levels
The serum levels of cysteine and glutathione were determined by high performance capillary electrophoresis according to Vecchione et al. [26] with the Biofocus® (Bio Rad Laboratories Incorporation, California, USA) instrument.
Statistical analysis
The hypotheses of constancy, coincidence and parallelism that were assumed in the evaluation of the effects of the variables, treatment time, treatment type, and the interaction between both variables, were tested by multivariate repeated measures analysis of variance through the tests Wilks' Lambda, Pillai's Trace, Hotelling-Lawley Trace and Roy's Greatest Root with the SPSS 10® and SAS 8e® software programs. The significant differences were tested by the Helmert, Profile and Difference contrast tests. The significance level considered was p<0.05.
Results
Viral load
The plasma viral load from randomly selected patients was determined at baseline and after 60, 120 and 180 days of treatment. When the viral load after 60, 120 and 180 days of treatment was compared with the respective baseline values a significant decrease was noted in both groups (p<0.05). No difference was noted between the study and control groups (p=0.2587) (Figure 2A ).
CD 4 + lymphocytes
Significant changes in CD 4 + lymphocytes were found in both groups after 60, 120 and 180 days when we compared these levels with the respective baseline (p<0.05). No significant difference was noted between the study and control groups (p=0.370) ( Figure 2B ).
Lymphocyte viability and lymphocyte apoptosis
A significant increase in lymphocyte viability was observed after 120 and 180 days of treatment (p<0.05, AZT -azidothymidine; 3TC -lamivudine; NVP -nevirapine; ddI -didanosine. The control group was treated with anti-retroviral therapy; the study group was treated with anti-retroviral therapy plus N-acetylcysteine. Figure 3A) . Significantly decreased levels of lymphocyte apoptosis were noted after 180 days of treatment in both groups when we compared these levels with the respective baselines (p<0.05, Figure  3B ). No additional effect of anti-retroviral therapy plus NAC supplementation was found on lymphocyte viability (p=0.4397, Figure 3A ) or on lymphocyte apoptosis (p=0.9407, Figure 3B ) in comparison to antiretroviral therapy alone.
TNF-α and IL-8
After 60 days of treatment, serum levels of TNF-α ( Figure 4A ) and IL-8 ( Figure 4B ) decreased significantly in comparison to the respective baseline (p<0.05). When we compared the levels of TNF-α and IL-8 after 120 and 180 days of treatment to the levels after 60 days of treatment, a significant decrease was noted (p<0.05). After 180 days of treatment the decrease in the levels of TNF-α and IL-8 had a significance of p<0.0001 in comparison to the respective baseline in both groups. No additional effect of the anti-retroviral therapy plus NAC supplementation was found for TNF-α (p=0.6626, Figure 4A ) or IL-8 levels (p=0.4311, Figure 4B ) in relation to anti-retroviral therapy alone.
Cysteine and glutathione
Serum levels of cysteine and glutathione after 60, 120 and 180 days of treatment (p<0.05) were significantly enhanced in relation to the respective baselines, for both the control group and the study group ( Figures 5A and 5B) . The statistical analysis showed a significant difference between the effects of the treatments that the study and control groups were submitted to (p=0.0089 and p=0.0234, for cysteine and glutathione, respectively, Figures 5A and 5B) .
Although the concentrations of cysteine and reduced glutathione were significantly increased by NAC supplementation, the serum levels of these thiols did not reach the values observed in a group of HIVnegative individuals (cysteine: 209.76 ± 39.17 uM; glutathione: 4.812 ± 1.687 uM; n= 12).
Discussion
NAC oral supplementation (600 mg/day) in HIVpositive patients undergoing their first 180-day antiretroviral treatment did not result in significant additional effects on serum levels of viral load, CD 4 + lymphocytes, TNF-α, IL-8, lymphocyte apoptosis and lymphocyte viability. Our results did not agree with previous reports, which indicate that NAC supplementation improves some immune and biochemical markers of infection in HIV-infected patients [27] [28] [29] [30] . In our study, in which the blood samples were collected 17-18h after taking the last NAC dose, the plasma levels of the cysteine and glutathione were not normalized with NAC supplementation (600 mg/day), taking plasma levels of these compounds in HIV-negative patients as a reference. Thus, it is possible that plasma cysteine and glutathione levels did increase significantly or did normalize 6 h after taking NAC, but decreased significantly after overnight fasting: this would be in agreement with the findings of previous studies that were carried out on healthy human volunteers and paracetamol-challenger subjects, indicating that the elevated thiol levels after NAC administration returned to baseline levels after 8 h [7, [31] [32] [33] . However, it is also possible that our patients from the study group did not recover the normal levels of cysteine and glutathione because of the low bioavailability of NAC, because the dose administered was insufficient [32] , or because the daily dose was taken only once a day.
In a recent study conducted with 20 patients, supplementation with 600 mg/day NAC resulted in an increase in the CD 4 + lymphocyte count [34] . However, we found that the addition of NAC (600 mg/day) to anti-retroviral therapy did not improve the recovery of the immune cellular defense system as a consequence of decreased apoptosis of CD 4 + lymphocytes, as had been suggested [28] , while an decrease in apoptosis levels and an increase in CD 4 + lymphocyte counts was noted in both study groups.
The partial recovery of the immune cellular defense system that was observed must be due to the antiretroviral therapy, which resulted in a significant decrease in the viral load levels. This decrease in turn Figure 3 . Variation in the lymphocyte viability (A) and in apoptosis of lymphocytes (B) during 180 days of treatment with anti-retroviral therapy plus placebo (control group) and with anti-retroviral therapy plus 600 mg/ day NAC oral supplementation (study group). * p<0.05 compared to baseline levels (day 0) within the respective group. Figure 4 . Changes in the plasmatic levels of TNF-α (A) and IL-8 (B) during 180 days of treatment with antiretroviral therapy plus placebo (control group) and with antiretroviral therapy plus 600 mg/day NAC oral supplementation (study group). * p<0.05 compared to baseline levels (day 0) within the respective group. leads to a reduction in the activation levels of the cells of the humoral immune defense system, and consequently, a decrease in the expression of Fas-L, TNF-α [35] , responsible for the activation of the CD 4 + lymphocyte apoptosis [36] . The decrease in the viral load levels also results in a reduction in the HIVinfection of other CD 4 + lymphocytes, thereby decreasing the formation of syncytium [37, 38] . More recent studies have shown that apoptosis in HIVglycoprotein-expressing cells in vitro is mainly caused by syncytium formation, which amplifies small amounts of spontaneous apoptosis, occurring as a consequence of marked signals [39] .
The increase attained in the concentrations of cysteine and glutathione in both the groups, which probably occurred as a consequence of reduction in the viral load could be due to a reduction in the oxidative stress by the preservation of the activities of antioxidant enzymes [40] and by the normalization of cytokine synthesis [41] (Figures 5A, 5B and 2A, respectively) .
The patients in our study were submitted to antiretroviral therapy that did not include protease inhibitors because the protease inhibitors reduce the expression and activation of caspases that would inhibit lymphocyte apoptosis [42, 43] , and the therapy that was utilized has consequently been frequently selected recently as the first anti-retroviral therapy.
Results from several preliminary investigations by different laboratories [27, 30, [44] [45] [46] [47] [48] [49] have suggested that NAC therapy may have beneficial effects on HIVseropositive patients. Chiba et al. [46] showed that a recovery of cysteine and glutathione levels contributed to reduced CD 4 + apoptosis. Äkerlund and colleagues [29] showed that oral treatment with NAC only, (800mg/ day), decreased the plasma concentrations of TNF-α, slowed the decrease in the CD 4 + lymphocyte count and normalized the plasma levels of cysteine. Olivier [28] reported an increased tendency of lymphocytes from HIV-infected patients to undergo apoptosis, and reported that NAC treatment with variable oral doses (600 to 1,800 mg/day) ameliorated this phenomenon, but the cysteine and glutathione levels were not determinates. Unfortunately, this study was not performed in a randomly controlled double-blind fashion. Look et al. [45] studied the effects of NAC in combination with sodium selenite in a randomized placebo-controlled trial. Using an NAC oral dose of 1,800 mg/day, the authors observed an increase in the percentage of CD 4 cells, which resulted in a significant increase in the CD 4 /CD 8 cell ratio. However, the oral treatment with 1,800 mg of NAC was not effective in elevating plasma glutathione levels. Müller et al. [47] , in a short-term, high dose combination treatment with NAC and vitamin C, found no significant changes in viral load, CD 4 + lymphocyte counts, or in lymphocyte apoptosis. Breitkreutz et al. [48] , in a randomized placebocontrolled study, noted an increase in the natural killer activity of lymphocytes. Herzenberg and colleagues [30] and De Rosa et al. [50] in randomized trials with followup demonstrated that oral administration of NAC (4g to 8g/day) replenished glutathione and improved survival rates. Clotet et al. [27] reported that oral doses of 3.2g/day, in combination with zidovudine, did not cause any change in CD 4 + lymphocyte counts during a follow-up period of six months.
In our study the oral dose of NAC (600 mg/day) did not result in normalization of cysteine and glutathione plasma levels. This indicates that higher doses, and more daily doses, of NAC must be necessary to bring about the normalization of these levels and to achieve the possible additional benefits for the immune response system by inhibiting the increase in CD 4 + apoptosis and the reduction in lymphocyte viability. However, large oral doses of NAC can result in a wide variety of side effects, including nausea, vomiting, gastrointestinal disturbances, rashes, pruritis, angioedema, bronchiospasm, tachycardia, hypotension and hypertension [51] . Some of these side effects are the same as those observed in patients submitted to their first anti-retroviral therapy [27] . It is therefore possible that in HIV-soropositive patients submitted to their first anti-retroviral therapy, the side effects following the administration of large doses of NAC may exacerbate the side effects following antiretroviral therapy [52] [53] [54] [55] [56] . This may result in an increase in the numbers of patients who abandon the anti-retroviral therapy within the first month.
In conclusion, the daily doses of NAC necessary for the total recuperation of plasma cysteine and glutathione levels in HIV-infected patients and the additional benefits following the supplementation of NAC to patients submitted to anti-retroviral therapy, need to be studied further.
